Washing and drying are common steps for oil palm empty fruit bunch (OPEFB) preparation prior to pretreatment. However, the mass balance of OPEFB preparation proved a major loss of OPEFB during the washing and drying steps. An indigenous fungus, Schizophyllum commune ENN1 was used for delignification of unwashed OPEFB in biological pretreatment without nutrient addition. S. commune ENN1 achieved a maximum lignin removal of 53.8% after 14 days of biological pretreatment of unwashed OPEFB. S. commune ENN1 was able to grow on unwashed OPEFB during biological pretreatment at 55% of moisture content and 5% of oil residue. The highest amount of reducing sugars obtained from OPEFB pretreated by S. commune ENN1 was 230.4 ± 0.19 mg/g with 54% of hydrolysis yield at 96 h. In comparison, the sugar yield of OPEFB pretreated by Phanerochaete chrysosporium was 101.2 ± 0.04 mg/g. This study showed that S. commune ENN1 was feasible to remove lignin of OPEFB through biological pretreatment for enzymatic saccharification without washing and addition of nutrients.
Introduction
The rapid expansion of the Malaysian palm oil industry has significantly increased the total land area of oil palm plantation from 3.4 million hectares in 2000 to 4.7 million hectares in 2009 and reached 5.8 million hectares in 2017 [1] . This scenario has accelerated the accumulation of biomass from palm oil mills and upsurges environmental issues. Each year, about 80 million tonnes of fresh fruit bunch (FFB) is processed in 406 palm oil mills and generating about 18 million tonnes of oil palm empty fruit bunch (OPEFB) [2] . The fruitlets from the FFB is subjected to different processes, including steam sterilisation, stripping, extraction and purification for oil extraction [3] . OPEFB is one of the biomass produced after oil palm fruitlets are stripped from the FFB [4] . Due to the steam sterilisation process, the untreated OPEFB contains approximately 60% of moisture content, which makes it very favourable to be used as direct fermentation feedstock [5] .
The recalcitrant characteristic of OPEFB is due to the structure of lignin, which contains benzene rings and resists biochemical degradation [6] . Therefore, pretreatment is required to modify and open up the lignocellulosic structure of OPEFB. Biological pretreatment is an environmentally friendly pretreatment using a microorganism or enzyme that offers mild pretreatment, low cost and less energy consumption [7] . Schizophyllum commune is one of the white rot fungi that are capable of degrading lignin and recalcitrant polymer using ligninolytic enzymes mainly known as peroxidases and laccases [8] . The presence of oil residue on OPEFB inhibits fungal growth and consequently hinders lignin degradation. Most of the oily biomass from the agricultural industry must go through the substrate preparation process, which involves washing, drying and grinding steps before any subsequent processes particularly fermentation. Prior to biological pretreatment, the OPEFB has to be washed with tap water and detergent to remove the oil residue and dirt on the surface of the fibres. However, this substrate preparation process is not suitable to be applied as a basis in large-scale pretreatment process due to the cost, labour work and time needed to perform the process [9] .
To our knowledge, biological pretreatment by indigenous S. commune using unwashed OPEFB as the substrate and without nutrient addition has not been reported in the literature. Moreover, the indigenous fungus is able to grow on an oily pile of OPEFB. Thus, the objective of this study was to evaluate the feasibility of S. commune ENN1 for lignin removal of unwashed OPEFB through biological pretreatment for enzymatic saccharification.
Materials and Methods

Oil Palm Empty Fruit Bunch
Fresh shredded OPEFB was obtained from a palm oil mill at Dengkil, Selangor, Malaysia. The untreated OPEFB was stored in an airtight plastic container and kept in a freezer at −40 • C to keep the freshness of the untreated OPEFB and avoid any growth of fungi before biological pretreatment.
Microorganisms
An indigenous fungus identified as Schizophyllum commune ENN1 was obtained from a culture collection of Biorefinery Complex, Universiti Putra Malaysia (UPM), Selangor, Malaysia. The agar (M2 medium) for S. commune ENN1 was prepared according to NCIM (2014), and the pH of the agar was adjusted to 6.8 [10] . Phanerochaete chrysosporium obtained from International Islamic University Malaysia was used as a positive control in this study. P. chrysosporium was grown on the potato dextrose agar (PDA) for mycelia growth. Both fungal strains were cultivated in the control condition at 30 • C for 7 days in an incubator.
Mass Balance of OPEFB Preparation Process
The OPEFB preparation process was carried out using a total of 1.0 kg of OPEFB on a dry basis as an input to the system. The weight of OPEFB was measured before and after each step throughout the process. A complete washing cycle involved soaking (overnight), washing and rinsing steps. The volume of tap water and discharged wash stream was measured in each washing cycle. Washed OPEFB was oven dried at 60 • C for 12 h, followed by a grinding step using a hammermill with a sieve size of 1 mm (Sima, Kuala Lumpur, Malaysia).
Biological Pretreatment
Biological pretreatment using S. commune ENN1 was carried out using five grams of untreated and unwashed OPEFB with an initial moisture content of 55.2%. The flasks were sterilised at 121 • C for 20 min using autoclave and aseptically inoculated with 5 agar plugs with an average size of 1 cm of 7 days old fungal mycelia that were previously cultured on an agar plate. No additional moistening agent or nutrient was supplied to the OPEFB pretreated with S. commune ENN1. Meanwhile, biological pretreatment using P. chrysosporium was conducted as a positive control in this experiment according to Hamisan et al. [11] , as the fungus was unable to grow on oily biomass. Both biological pretreatments were carried out for 14 days at 30 • C in a 250 mL Erlenmeyer flask with cotton plugs.
Analytical Methods
The moisture content analysis of the OPEFB samples was carried out using a digital moisture analyser (A&D, Tokyo, Japan). Lignin, cellulose and hemicellulose content of untreated and biologically pretreated OPEFB were determined using the method by Iwamoto et al. [12] . Determination of oil content in OPEFB was performed with a slight modification from method conducted by Md Yunos et al. [13] on extraction time, which was reduced to 6 h. The determination of water and solvent extractives components was carried out in accordance with the National Renewable Energy Laboratory (NREL) procedure reported by Sluiter et al. [14] . All analyses were carried out in triplicate.
Enzymatic Saccharification of OPEFB
Enzymatic saccharification of biologically pretreated OPEFB by S. commune ENN1 and P. crysosporium (positive control) were carried out using enzyme comprising 10 FPU/mL Acremonium cellulase (Meiji Seika, Tokyo, Japan) at substrate loading of 5% (w/v) in 40 mL of 0.05 M acetate buffer pH 4.8 [15] . The mixtures were incubated at 50 • C in a rotary incubator shaker at 200 rpm for 120 h. Samples were taken from the mixture and centrifuged for 10 min at 10,000 rpm for determination of reducing sugar. The total reducing sugars analysis was determined using the dinitrosalicylic acid (DNS) method [16] . Glucose standard curve (0.2-1.0 g/mL) was used to determine the reducing sugar released. All experiments were performed in triplicate and results were presented as average values. The sugar yield and hydrolysis yield were calculated using Equations (1) and (2), respectively.
Sugar yield =
Sugar from saccharification Sugar from untreated sample × 100,
Results and Discussion
OPEFB Preparation Process
Mass balance analysis was carried out to validate the OPEFB preparation process prior to biological pretreatment by common fungi that are unable to grow on the oily substrate. Figure 1 demonstrates the mass balance of the OPEFB preparation process at laboratory scale.
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Sugar yield
Sugar from saccharification Sugar from untreated sample 100,
Hydrolysis yield Glucose Cellulose 100.
(2)
Results and Discussion
OPEFB Preparation Process
Mass balance analysis was carried out to validate the OPEFB preparation process prior to biological pretreatment by common fungi that are unable to grow on the oily substrate. Figure 1 demonstrates the mass balance of the OPEFB preparation process at laboratory scale. A large amount of water was required in order to remove residual oil and foreign particles on the surface of OPEFB. Washing step in the OPEFB preparation process discharged approximately 121 L of wash stream and 0.2 kg of solid residues, which mainly consist of water, detergent and the impurities (residual oil and contaminants) from the surface of OPEFB. The next step involved oven drying, which reduced the moisture content of OPEFB to less than 10% after the washing step to A large amount of water was required in order to remove residual oil and foreign particles on the surface of OPEFB. Washing step in the OPEFB preparation process discharged approximately 121 L of wash stream and 0.2 kg of solid residues, which mainly consist of water, detergent and the impurities (residual oil and contaminants) from the surface of OPEFB. The next step involved oven drying, which reduced the moisture content of OPEFB to less than 10% after the washing step to avoid the growth of fungi on washed OPEFB. The grinding step using a hammermill reduced the size of OPEFB to 1 mm and discharged approximately 0.1 kg of solid residues. From the mass balance, the highest mass loss in the OPEFB preparation process was derived from the washing step (0.2 kg). In a single input of 1.0 kg of untreated OPEFB, around 70% of OPEFB was recovered by the end of the process. This suggests that a total of 30% of the OPEFB sample was lost after the OPEFB preparation process. The mass loss after each operation in the process is an important aspect in the determination of the efficiency of the process [17] . Moreover, 120 L of water per kg of OPEFB could be saved by omitting the washing step prior to pretreatment. The substrate preparation process requires a large proportion of water in scale-up pretreatment. This forced the industries to discover a new approach to skip the substrate preparation process [18] . Biological pretreatment by S. commune ENN1 enabled it to grow on untreated OPEFB and omit the substrate preparation process. This served as an added value compared to the existing procedure in the pretreatment of OPEFB.
Composition of Pretreated OPEFB
The composition of untreated and biologically pretreated OPEFB by S. commune ENN1 and P. chrysosporium is shown in Table 1 . OPEFB pretreated by S. commune ENN1 showed higher lignin removal of 53.8% compared to P. chrysosporium, with only 38.6% of lignin removal. Increment in hemicellulose (10.9%) and cellulose (14.6%) contents indicated that hemicellulose and cellulose content of the pretreated OPEFB were exposed due to the modification of lignocellulosic structure in OPEFB after pretreating by S. commune ENN1. This exhibited that S. commune ENN1 was able to modify and degrade the lignin structure of OPEFB through biological pretreatment without washing and addition of nutrients. The amount of solvent extractive in biologically pretreated OPEFB by P. chrysosporium was decreased to 3.7% due to the washing and drying steps prior to the pretreatment. The washed OPEFB contained a low amount of solvent extractive such as terpenoids, waxes, fatty acids and phenolic substances [19] . P. chrysosporium was unable to grow on unwashed OPEFB and needed the addition of nutrient throughout the biological pretreatment (unpublished data). The results proved that S. commune ENNI is a good candidate to pretreat OPEFB for the enzymatic saccharification process without the initial washing step to remove excess oil residues. Physical changes on the surface of untreated and pretreated OPEFB were examined using a scanning electron microscope (SEM), as shown in Figure 2 . The surface of untreated OPEFB was rough where the craters were filled with spiky round shaped silica bodies on the surface of the fibre, as stated by Abdul et al. [20] Meanwhile, the surface of OPEFB pretreated with S. commune ENN1 shows dense growth with a network of filamentous hyphae on the surface of the strand compared to OPEFB pretreated with P. chrysosporium. S. commune has an irregularly branched format, with filamentous hyphae in typical conidial chains and well-defined rod clusters [21] . The fungal hyphae moved toward the open pores inside the crater and penetrated inside the OPEFB strands. 
Moisture and Oil Residue Contents of Pretreated OPEFB
Moisture content is one of the key elements in fungal growth during the biological pretreatment process. The initial moisture content of untreated OPEFB was recorded at 55.2%, which is relatively high due to the steam sterilisation process at the palm oil mill. The moisture content of pretreated OPEFB is able to be maintained throughout the biological pretreatment without a substrate preparation process. Therefore, biological pretreatment by S. commune ENN1 can omit the addition of nutrient or moistening agent. From day 7 to 14 of incubation time, S. commune ENN1 was able to grow at moisture content less than 50% and still able to delignify the OPEFB (Figure 3a) . By contrast, Daedalea flavida demonstrated minimal growth at the low moisture content (45%) and thus reduced delignification of cotton stalks [22] . 
Moisture content is one of the key elements in fungal growth during the biological pretreatment process. The initial moisture content of untreated OPEFB was recorded at 55.2%, which is relatively high due to the steam sterilisation process at the palm oil mill. The moisture content of pretreated OPEFB is able to be maintained throughout the biological pretreatment without a substrate preparation process. Therefore, biological pretreatment by S. commune ENN1 can omit the addition of nutrient or moistening agent. From day 7 to 14 of incubation time, S. commune ENN1 was able to grow at moisture content less than 50% and still able to delignify the OPEFB (Figure 3a) . By contrast, Daedalea flavida demonstrated minimal growth at the low moisture content (45%) and thus reduced delignification of cotton stalks [22] . After 7 days of biological pretreatment with S. commune ENN1, the oil residue decreased by 26.2%. The amount of residual oil significantly reduced to 0.8%, which is 85.3% oil residue loss after 14 days (Figure 3b ). The reduction of oil residue probably due to the lipolytic enzyme's activity that hydrolysed the thin oil layer on the surface of press-shredded OPEFB. This is in agreement with a study that stated Schizophyllum commune is the type of basidiomycete able to produce lipolytic enzymes [23] . Table 2 shows the total reducing sugar and hydrolysis yield of OPEFB before and after biological pretreatment. The highest amount of sugar yield obtained from biological pretreatment using S. commune ENN1 was 230.4 ± 0.19 mg/g, with 54% of hydrolysis yield at 96 h. The amount of sugar yield obtained is 1.8-fold from untreated OPEFB with 128.2 ± 0.00 mg/g and higher than the sugar yield of OPEFB pretreated with P. chrysosporium (101.2 ± 0.04 mg/g). A similar finding by Hermiati et al. [24] also exhibited that the reducing sugar yield of oil palm frond (OPF) pretreated with Trametes versicolor was higher than OPF pretreated with P. chrysosporium. After 7 days of biological pretreatment with S. commune ENN1, the oil residue decreased by 26.2%. The amount of residual oil significantly reduced to 0.8%, which is 85.3% oil residue loss after 14 days (Figure 3b ). The reduction of oil residue probably due to the lipolytic enzyme's activity that hydrolysed the thin oil layer on the surface of press-shredded OPEFB. This is in agreement with a study that stated Schizophyllum commune is the type of basidiomycete able to produce lipolytic enzymes [23] . Table 2 shows the total reducing sugar and hydrolysis yield of OPEFB before and after biological pretreatment. The highest amount of sugar yield obtained from biological pretreatment using S. commune ENN1 was 230.4 ± 0.19 mg/g, with 54% of hydrolysis yield at 96 h. The amount of sugar yield obtained is 1.8-fold from untreated OPEFB with 128.2 ± 0.00 mg/g and higher than the sugar yield of OPEFB pretreated with P. chrysosporium (101.2 ± 0.04 mg/g). A similar finding by Hermiati et al. [24] also exhibited that the reducing sugar yield of oil palm frond (OPF) pretreated with Trametes versicolor was higher than OPF pretreated with P. chrysosporium. From this finding, the reducing sugar yield is strongly dependent on the extent of delignification from the lignocellulosic materials. Reducing the lignin content of the lignocellulosic biomass exposes the ordered crystalline structure of cellulose and facilitates cellulase accessing the substrate during enzymatic saccharification [25] . In the meantime, the sugar yield obtained from this study is higher compared to washed OPEFB pretreated using Aspergillus niger EB4, where the amount of sugar yield obtained is 16.2 mg/g after 144 h of saccharification time [26] .
Enzymatic Saccharification
Conclusions
The indigenous fungus of S. commune ENN1 was capable of modifying and degrading the lignin structure of OPEFB in biological pretreatment. The results showed high lignin removal at 53.8%, followed by the increment of cellulose by 14.6% after 14 days of biological pretreatment using S. commune ENN1. The highest sugar yield 230.4 ± 0.19 mg/g with 54% of hydrolysis yield was obtained after enzymatic saccharification using the biological pretreated OPEFB at 96 h. S. commune ENN1 was able to remove the lignin of OPEFB through biological pretreatment without washing and nutrient addition. 
